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Abstract: Tartary buckwheat is a type of coarse cereal that contains a rich supply of flavonoids. When suffering from certain stresses,
tartary buckwheat can respond by promoting the biosynthesis of anthocyanins. It is well established that the jasmonate (JA) signaling
pathway plays a critical role in plant resistance to disease by stimulating the production of anthocyanins; furthermore, the genes
encoding the jasmonate-ZIM domain (JAZ) proteins have been shown to be key players in this process. However, the role of JAZ
proteins in tartary buckwheat is poorly understood. In this study, we aimed to isolate FtJAZs from tartary buckwheat and identify
FtJAZs that are involved in anthocyanin biosynthesis under cold-stress conditions based on an interaction with the known FtMYBs.
We identified three novel FtJAZ genes in tartary buckwheat. According to a phylogenetic analysis, FtJAZ1 was organized into cluster
I, while FtJAZ2 and FtJAZ3 were organized into cluster II. Interestingly, a yeast two-hybrid assay showed that FtMYB3 interacted only
with FtJAZ2. Furthermore, our qRT-PCR results suggested that FtJAZ2, dihydroflavonol-4-reductase, and anthocyanin synthase had
similar expression patterns, which is consistent with the accumulation of anthocyanins. Conversely, the expression of FtMYB3 showed
an opposite trend, being negatively correlated with the anthocyanin level. In conclusion, by interacting with FtMYB3, FtJAZ2 plays a
role in anthocyanin biosynthesis under cold stress.
Key words: Tartary buckwheat, jasmonate-ZIM domain proteins (FtJAZ2), yeast two-hybrid, anthocyanin biosynthesis

1. Introduction
Acting as an important secondary metabolite, plant
flavonoids are involved in a wide variety of biological
functions. For example, flavonoids are responsible for
the color of flower petals and fruit to attract insects and
animals that will spread the plant’s pollen and seeds.
Flavonoids also play a vital role in protecting plants from
stress and help prevent damage from UV-B radiation and
microbial diseases (Ishige et al., 2001; Reay and Lancaster,
2001; Koes et al., 2005). In other words, exposure to
stressful conditions can stimulate the accumulation of
flavonoids in order to stabilize the plant’s physiology
(Chalker-Scott, 1999; Gould et al., 2006; Treutter, 2006).
The biosynthesis of flavonoids can be induced by abiotic
stressors and treatment with hormones; plants regulate the
accumulation of flavonoids through transcription factors
that modulate the expression of genes in the flavonoidbiosynthesis pathway (Winkel-Shirley, 2002; Loreti et al.,
2008; Qi et al., 2011; Song et al., 2011; Sun et al., 2012; Afrin
et al., 2015). Jasmonate (JA), an important stress hormone,
* These authors contributed equally to this work.
** Correspondence: zhaohaixia197708@163.com
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was reported to participate in the flavonoid biosynthesis
pathway (Franceschi and Grimes, 1991; Loreti et al., 2008).
Jasmonate-ZIM-domain (JAZ) proteins are important
repressors of the JA signaling pathway, which mediates
various JA-regulated secondary metabolic processes,
including the biosynthesis of flavonoids via an interaction
with various transcription factors (Thines et al., 2007; Shoji
et al., 2008; Kazan and Manners, 2012). For example, JAZ
could interact with MYB21, MYB24, and MYC2 to mediate
JA response in Arabidopsis (Fernández-Calvo et al., 2011;
Song et al., 2011). Research has shown that cold stress can
induce an accumulation of endogenous JA (Pedranzani et
al., 2007), while the JA signaling pathway was proven to
play a role in flavonoid biosynthesis (Loreti et al., 2008;
Horbowicz et al., 2009; An et al., 2015; Gumerova et al.,
2015). Together, these molecules help plants adapt to
stress.
Tartary buckwheat (Fagopyrum tataricum Gaertn.)
is a type of minor cereal with dense flavonoid content
and is mainly cultivated in cold mountainous areas such
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as southwestern China, the Himalayan hills, India, and
Nepal (Tsuji and Ohnishi, 2001; Fabjan et al., 2003).
Moreover, tartary buckwheat is characterized by a strong
resistance to cold, drought, and other inhospitable
conditions. Previous studies have shown that cold
treatment can induce accumulation of flavonoids,
especially anthocyanins, in tartary buckwheat (Crifò et
al., 2011; Zhang et al., 2012; Li et al., 2015). Meanwhile,
flavonoid biosynthesis was affected when exogenous MeJA
was applied to a suspension of tartary buckwheat. There
are few studies regarding flavonoid biosynthesis mediated
by the JA signaling pathway in tartary buckwheat. In this
study, we aimed to isolate the important JAZ genes in the
JA signaling pathway in tartary buckwheat and utilized a
yeast two-hybrid system to detect the interaction of FtJAZs
with the known FtMYBs that are involved in flavonoid
biosynthesis. FtMYB1 and FtMYB2 were identified to
promote proanthocyanin biosynthesis (Bai et al., 2014),
while FtMYB3 was predicted to function as a negative
regulator in anthocyanin biosynthesis (unpublished data).
We then further analyzed the accumulation of certain
flavonoids, the expression level of transcription factors,
and the relative structure of genes in plants exposed to
cold stress. Based on this preliminary research, we can
speculate on the possible roles of the JA signaling pathway
in flavonoid biosynthesis.
2. Materials and methods
2.1. Plant materials
Tartary buckwheat (Fagopyrum tataricum Gaertn.) cultivar
Xiqiao No. 2 was grown in the Sichuan Agricultural
University experimental fields, Ya’an, Sichuan, China.

Flowers of tartary buckwheat were collected, and the
samples were stored at –80 °C until further use.
2.2. RNA extraction and cloning of three FtJAZ genes
Total RNA was isolated from the flowers of tartary
buckwheat using an RNAout 2.0 Kit (Tiandz, China)
according to the manufacturer’s protocol. The 5’-RACE
and 3’-RACE cDNA templates were synthesized using
a BD SMART RACE cDNA Amplification Kit (Takara,
Japan). Clustal X and DNAman 5.0 were used to analyze
the conserved sites according to the JAZ genes from
Vitis rupestris (GenBank ID JF900329), Prunus persica
(GenBank ID HQ825093), Hevea brasiliensis (GenBank
ID GQ369508), and Dianthus caryophyllus (GenBank
ID AB517646). A degenerate primer was designed based
on the conserved site using Primer Premier 5 and genespecific primers were utilized to amplify the full-length
cDNA of FtJAZ1, FtJAZ2, and FtJAZ3. The primers used
to amplify the full-length cDNAs are listed in Table 1.
2.3. Bioinformatic analysis of FtJAZ1, FtJAZ2, and
FtJAZ3
The open reading frame (ORF) of the three FtJAZs was
converted to an amino acid sequence using Primer
Premier 5.0. Alignment of the amino acid sequences was
performed using NCBI Blast-p (http://www.ncbi.nlm.nih.
gov/). The online tools provided by ExPASy (http://www.
expasy.org/tools/) were applied to analyze the chemical
and physical properties of the proteins based on the amino
acid sequence. SignalP was used to analyze the signaling
peptides of the three FtJAZs and Plant-PLoc (http://www.
csbio.sjtu.edu.cn/bioinf/plant/) was used to determine the
subcellular location of the three proteins. Multialignment
was performed with the amino acid sequences of JAZ

Table 1. Primers used in FtJAZs gene cloning.
Name

Sequence (5′-3′)

Application

JAZf
JAZr
3JAZ-1
3JAZ-2
3JAZ-3
Pmid
5JAZ-1
5JAZ-2
5JAZ-3
UPM
JAZ1f
JAZ1r
JAZ2f
JAZ2r
JAZ3f
JAZ3r

5’- GCCCAGATGACCATCttytaygvngg -3’
5’- CTTTCTCTTCTCCAAraahckdkbvardga -3’
5’- CTAACGCGAGTGTGTCTGATAAGA-3’
5’-AACAATCAACCACGCCAGTCGTCA-3’
5’-TCACCGATCTACCAATTGCTAGGAAA-3’
5’- GCCTTAATGAACAATCAACCACGCCAGTCG-3’
5’-TGACGACTGGCGTGGTTGATTGTTCATTAA-3’
5’-TCGCGTTAGTAGTATTGACAACAGGGATGG-3’
5’-CTCGAGCTGCAATCTCCATGATCTCCT-3’
5’- CTAATACGACTCACTATAGGGC-3’
5’- GGCTCTTCGATTGTGTTGGAGAT -3’
GCATCAAATTGAGCAGACAAGAAC -3’
5’- TTCGCTTTTCTGTGAGGATTTTGT -3’
5’- AAGCCATCTAAAAAAGCCTCCATT-3’
5’- GTTTGAAGTTCGGTGAATTGTAGAGA -3’
5’- CATCAGCACAAACATAATAAATCCAA-3’

Amplify the conserved region
of FtJAZ
FtJAZ 3′RACE 1st round
FtJAZ 3′RACE 2nd round
FtJAZ 3′RACE 3rd round
3′RACE universal primer
FtJAZ 5′RACE 1st round
FtJAZ 5′RACE 2nd round
FtJAZ 5′RACE 3rd round
5′RACE universal primer
Amplify the FtJAZ1
Amplify the FtJAZ2
Amplify the FtJAZ3
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proteins from other plants using DNAman. A phylogenetic
tree was constructed based on the three FtJAZs and JAZ
proteins from Arabidopsis using the neighbor-joining
method.
2.4. The interaction between FtJAZs and FtMYBs
The ORF of the three FtJAZs was cloned into the bait vector
pGBKT7 resulting in three GaL4-JAZ fusion proteins,
named pGBKT7-FtJAZ1, pGBKT7-FtJAZ2, and pGBKT7FtJAZ3. Moreover, three FtMYBs were cloned into the prey
vector pGADT7, which contains an activation domain for
GAL4, resulting in three fusion proteins named pGADT7FtMYB1, pGADT7-FtMYB2, and pGADT7-FtMYB3. The
primers designed to amplify FtJAZs and FtMYBs are listed
in Table 2 for vector construction (the restriction enzyme
contains NdeI, EcoRI, and BamHI). The recombinant
bait vector and prey vector were transformed into yeast
Y2HGold competent cells using the LiAc method. The
pGBKT7-p53 and pGADT7-T vectors were used as a
positive control, while the pGBKT7-lam and pGADT7-T
vectors were used as a negative control. Yeast mating was
conducted between the FtJAZ and FtMYB strains and the
yeast was stationary-cultured at 30 °C for 4 days in SD/Trp, SD/-Leu, and SD/-Trp/-Leu/X-α-gal media. Blue
colonies were selected and transferred to SD/-Ade/-His/Leu/-Trp/X-α-gal media and stationary-cultured at 30 °C
for 4 days. Colonies were then observed for growth and
color changes.
2.5. Expression levels of anthocyanin-related genes
during cold stress
According to the results of the yeast two-hybrid screen,
we further studied the expression of the MYB and JAZ
genes that were found to interact and the genes involved
in the flavonoid-biosynthesis pathway. Tartary buckwheat
seeds were washed and soaked in distilled water at 40 °C
for 30 min, and the seeds were then put in trays with filter

paper kept at 25 °C in the dark. The sprouts were nurtured
under the following conditions: 16 h of light at 22 ± 2 °C
and 8 h of darkness at 18 ± 2 °C, and relative humidity
of 60%. Tartary buckwheat sprouts were treated with cold
(4 °C) after 12 days of germination, while the cotyledons
and hypocotyls were collected at various time points (0
h, 3 h, 6 h, 12 h, 24 h, and 48 h). Quantitative real-time
PCR was used to measure the gene expression level of
several transcription factors and FtCHI, FtFLS, FtDFR,
and FtANS in the cotyledons and hypocotyls. The gene
encoding FtH3 was used as a reference gene (Gao et al.,
2016) . Real-time PCR was then performed in triplicate
on a CFX96 Touch Deep Well Real-Time PCR Detection
System (Bio-Rad Laboratories, USA) with a QuantiTect
SYBR Green PCR Kit (QIAGEN, Germany). The PCR
protocol was performed as follows: denaturation for 3
min at 95 °C, followed by 39 cycles of denaturation for 10
s at 95 °C and annealing for 30 s at 60 °C. Reactions were
performed with three biological replicates. The primers
used in the quantitative real-time PCR are listed in Table 3.
2.6. Anthocyanin level during cold stress
FtMYB1 and FtMYB2 have been shown to participate
in the biosynthesis of proanthocyanins (Bai et al., 2014)
and FtMYB3 was found to be involved in the anthocyanin
biosynthesis pathway (unpublished data). Thus,
anthocyanins were extracted from the cotyledons and
hypocotyls of tartary buckwheat sprouts and measured
after cold treatment according to the method described
previously (Uimari and Strommer, 1998; Chu et al., 2013).
The anthocyanins were extracted from 200 mg of powder
overnight in 0.3 mL of acidic methanol [1% (v/v) HCl], and
then 0.2 mL of water and an equal volume of chloroform
were added. The anthocyanins were extracted from the
chlorophyll by separation into the aqueous methanol
phase. The anthocyanins were then measured at 530 and

Table 2. Primers used for vector construction.
Name

Sequence (5′-3′)

JAZ1f
JAZ1r
JAZ2f
JAZ2r
JAZ3f
JAZ3r
MYB1f
MYB1r
MYB2f
MYB2r
MYB3f
MYB3r

5’- CGCCATATGATGGAGAGAGATTTCCTAGGT-3’
5’- GCGGGATCCTTAGCTCCTCCTAGCACCATTT-3’
5’- CGCCATATGATGGCGAATTTGTCTGTTTCCG-3’
5’-GCGGGATCCTCAAGAACGCGGAGCAGCAGC-3’
5’- CCGGAATTCATGGCGAATTTGTCTGTTTCCG-3’
5’-GCGGGATCCTTATTGCACATAGAGCATGTTT-3’
5’-CCGGAATTCATGGTGAGAAAACCTTGCTGC-3’
5’-GCGGGATCCCAAATCTCCAATCCAACCTCC-3’
5’-CCGGAATTCATGGGGAGAAAACCATGCTG-3’
5’-GCGGGATCCAACTTGAAGCCAATTTTCGAGC-3’
5’-CCGGAATTCATGGGAAGGTCTCCATGCTGTG-3’
5’-GCGGGATCCGATTATCGGAAAGAGTCAAGA-3’

The underlined nucleotide are the restriction endonuclease sites.
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Application
Amplify the ORF of FtJAZ1
Amplify the ORF of FtJAZ2
Amplify the ORF of FtJAZ3
Amplify the ORF of FtMYB1
Amplify the ORF of FtMYB2
Amplify the ORF of FtMYB3
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Table 3. Primers used in real-time PCR.
Name

Sequence (5′-3′)

Application

FtJAZ2qf
FtJAZ2qr
FtMYB3qf
FtMYB3qr
FtCHIqf
FtCHIqr
FtFLSqf
FtFLSqr
FtDFRqf
FtDFRqr
FtANSqf
FtANSqr
FtH3qf
FtH3qr

5’- AGGAGATCATGGAGATTGCAGC -3’
5’- TCCTCTAGTACCTCTAACGTCG -3’
5’- CTAACGCGAGTGTGTCTGATAAGA-3’
5’-AACAATCAACCACGCCAGTCGTCA-3’
5’- TACTTTGAGGAATCCGCTGTGA-3’
5’-AGGGCTTCAACATGGTGATCTG-3’
5’- CATGTCCACACTCACCATCCTTG-3’
5’- GTACTTTCCGTTGCTCATAATCTCA-3’
5’- GCTCCGAAACAAGTATCCCGA-3’
5’- GTCTCCACAGCACCAACAAACA-3’
5’- TCGGGCTAGAAGAAGACAGGC -3’
5’-GAAGGTCAAGGCACTCACATCAG -3’
5’-CGCAGAAAG TACCAGAAGAGC -3’
5’-GAG AGC AGACAC AGC AGA GC-3’

Amplify the partial gene segment of FtJAZ2

657 nm in a spectrometer (UNICO WFJ2000, China). The
anthocyanin level was normalized to the fresh weight.
2.7. Statistical analysis
The 2–ΔΔCT method was used to analyze the quantitative
real-time PCR relative gene expression level (Livak and
Schmittgen, 2001; Jami et al., 2012). QAnthocyanins = (A530
– 0.25 × A657) × M–1, where QAnthocyanins is the content of
anthocyanins, A530 and A657 are the absorptions at the
indicated wavelengths, and M is the weight of the plant
material used for extraction (g). All samples were measured
as triplicates. Error bars represent the standard error of the
mean. The correlation between the anthocyanin content
and the expression level of transcription factors was
analyzed with Pearson double variables using SPSS 20.0.
Differences between treatments were evaluated by SPSS
20.0 using Duncan’s multiple comparisons test, and the
P-value (0.05 or 0.01) indicated the significant differences
between the control and treatment.
3. Results
3.1. Molecular characterization of FtJAZ1, FtJAZ2, and
FtJAZ3
We have obtained the full-length cDNA of three FtJAZs
from tartary buckwheat by homology cloning and RACE.
The ORF of FtJAZ1, FtJAZ2, and FtJAZ3 contained 813
bp, 669 bp, and 648 bp, respectively. The amino acid
sequence of FtJAZ1 shares 41% homology with that of JAZ
(AFL46172) from tobacco, FtJAZ2 shares 47% homology
with JAZ (BAG68657) from tobacco, and FtJAZ3 shares
48% homology with JAZ (BAG68657) from tobacco. The
results showed that we have obtained three FtJAZ genes
from tartary buckwheat.
The deduced FtJAZ1, FtJAZ2, and FtJAZ3 proteins
had calculated molecular weights of 31.8 kDa, 24.5 kDa,
and 23.6 kDa, respectively. Their isoelectric points were at

Amplify the partial gene segment of FtMYB3
Amplify the partial gene segment of FtCHI
Amplify the partial gene segment of FtFLS
Amplify the partial gene segment of FtDFR
Amplify the partial gene segment of FtANS
Amplify the partial gene segment of FtH3

pH 9.14, 9.42, and 7.01, respectively. The FtJAZ proteins
showed different contents of secondary structure as
follows: 11.90%, 21.25%, and 25.49% of α-helices; 10.20%,
6.73%, and 5.19% of β-turn; 23.47%, 17.94%, and 21.70%
of extended strand; and 54.42%, 53.81%, and 47.17% of
random coil, respectively. All three FtJAZs were predicted
to be localized to the nucleus and did not have a signaling
peptide. A multiple sequence alignment revealed that
FtJAZ1, FtJAZ2, and FtJAZ3 all have conserved NT
(N-terminal), ZIM (zinc-finger expressed in inflorescence
meristem), and Jas (jasmonate) domains, while there are
some differences among the three FtJAZs in the C-terminal
Jas motif (Figure 1A). Using the neighbor-joining method
in MEGA 5.0 software, we established a phylogenetic
tree of JAZ proteins (Figure 1B). The phylogenetic tree
consisted of clusters I, II, and III. FtJAZ1 belonged to
cluster I along with AtJAZ9, AtJAZ3 AtJAZ4, AtJAZ7,
AtJAZ8, and AtJAZ10; cluster II included the FtJAZ2 and
FtJAZ3 proteins along with AtJAZ2, AtJAZ5, and AtJAZ6
from Arabidopsis; and cluster III contained 3 Arabidopsis
JAZ proteins.
3.2. The interaction between FtJAZs and FtMYBs
The FtJAZs proteins were used as bait to screen FtMYBs
using a yeast two-hybrid system. First, the toxicity and
self-activation of pGBKT7, pGADT7, pGBKT7-FtJAZs,
and pGADT7-FtMYBs in yeast cells were determined
(Supplementary Figures S1 and S2). The presence
of clover-shaped yeast indicated that the yeast had
mated successfully (Figure 2A). The growth and color
development of Y2HGold [pGBKT7-FtJAZs] mated with
Y187 [pGADT7-FtMYBs] on a QDO/X-α-gal petri dish is
shown in Figure 2B. No color change was observed in the
negative control, while all colonies in the positive control
were blue. We observed blue colonies in the cross between
Y2HGold [pGBKT7-FtJAZ2] and Y187 [pGADT7-
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Figure 1. (A) Amino acid sequence alignment of FtJAZ with JAZ from various other plants and (B) Phylogenetic tree based on the
JAZ amino acid sequences from Arabidopsis. The conserved ZIM motif and Jas motif are marked with a rectangle. The following are
the GenBank numbers for related proteins: Nicotiana tabacum NtJAZ3 (BAG68657); Vitis rupestris VrJAZ3 (AEP60134); Arabidopsis
thaliana AtJAZ1 (NP_564075), AtJAZ2 (NP_565096, AtJAZ3 (AEE76018), AtJAZ4 (AEE32304), AtJAZ5 (Q9LDU5), AtJAZ6
(NP_565043), AtJAZ7 (AEC08997), AtJAZ8 (AEE31184), AtJAZ9 (Q8W4J8), AtJAZ10 (AED91867), AtJAZ11 (AEE77796), and
AtJAZ12 (AED92902).

Figure 2. (A) Image showing the successful mating of the yeast. (B) Image showing the growth and color development of Y2HGold
[pGBKT7-FtJAZs] × Y187 [pGADT7-FtMYBs] yeast on QDO/X-α-gal petri dish.

FtMYB3]; this result indicated that the downstream
reporter genes of HIS3, ADE2, and MEL1 were activated.
Therefore, we identified FtJAZ2 as the primary interaction
partner with FtMYB3 in the yeast.
3.3. The interaction effect on anthocyanin biosynthesis
Further analysis of the interaction between FtJAZ2 and
FtMYB3 and their effects on anthocyanins was conducted
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during cold stress. Gene expression levels of anthocyaninrelated genes during cold stress are shown in Figure 3.
Expression of FtJAZ2 was sharply increased during the
early phase of the cold stress and was reduced from 24 h to
48 h; moreover, FtMYB3 expression decreased in both the
cotyledons and the hypocotyls. Meanwhile, the structural
genes FtDFR and FtANS showed a similar expression

LUO et al. / Turk J Biol

Figure 3. The gene expression level of anthocyanin-related genes in the cotyledons and hypocotyls. The expression levels were normalized
to the tartary buckwheat FtH3 gene and expression at hour 0 was set as 1. Error bars represent the standard error of the mean. *P < 0.05
and **P < 0.01 indicate significant differences between the control and the treatment.

profile to FtJAZ2. The expression of FtFLS had a similar
expression pattern to that of FtMYB3. However, the
FtCHI expression level showed no significant difference
between the treatment and pretreatment in cotyledons and
hypocotyls.
Anthocyanin levels were measured and are shown
in Figure 4. The anthocyanin level was higher in the
cotyledons than in the hypocotyls during cold treatment.
The anthocyanin level increased during the early stage
of cold treatment, with a maximum yield observed at
12 h. The anthocyanin level then decreased over time in
both the cotyledons and hypocotyls. In other words, the
anthocyanin level and the expression level of FtJAZ2
showed a similar trend over time.
3.4. Statistical analysis
The correlation between the relative expression levels of
FtJAZ2, FtMYB3, and anthocyanin was examined using
SPSS 20.0. The expression level of FtJAZ2 was positively
correlated with the anthocyanin level in both cotyledons
and hypocotyls (correlation coefficient = 0.748 and
0.965, respectively). However, FtMYB3 expression was
negatively correlated with the anthocyanin level in both
the cotyledons and hypocotyls (correlation coefficient
= –0.869 and –0.580, respectively). The correlation
coefficients of the relative gene expression level and the
anthocyanin level are listed in Table 4.

4. Discussion
Plant hormones can stimulate secondary metabolism
(Bais et al., 2001; Jeong et al., 2004; Lin-Wang et al., 2010).
As a new type of plant hormone, the influence of JA on
secondary metabolism has been widely studied (Zhou
and Memelink, 2016). Methyl-JA was used to affect the
accumulation of phenolic acids in Salvia miltiorrhiza
(Xiao et al., 2009) and tartary buckwheat (Gumerova
et al., 2015), while anthocyanins and PAs were affected
when various jasmonates were applied to common
buckwheat (Horbowicz et al., 2009). The JAZ (jasmonate
ZIM-domain) proteins are important repressors of the JA
pathway (Chini et al., 2007; Shan et al., 2007; Pauwels and
Goossens, 2011). Previous studies have shown that JAZ
proteins can interact with R2R3-MYB MYB21, MYB24,
and MYB75 to influence various physiological processes
in Arabidopsis (Thines et al., 2007; Pauwels and Goossens,
2011; Zhou and Memelink, 2016). Consequently, an
interaction between FtJAZ2 and FtMYB3 was detected
in our study using a yeast two-hybrid assay. According to
the reports of previous researchers, this interaction could
occur between the Jas domain of FtJAZ2 and the R2R3
domain of FtMYB3 (Melotto et al., 2008; Song et al., 2011).
We found that FtJAZ2 has an integrated Jas motif, whereas
FtJAZ3 has an imperfect Jas motif at the C-terminus.
This difference may explain why FtJAZ3 did not interact
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Figure 4. The level of anthocyanins during cold stress. Error bars represent the standard error of
the mean. *P < 0.05 and **P < 0.01 indicate significant differences between the control and the
treatment.
Table 4. Correlation coefficients between gene expression levels and anthocyanin contents in tartary buckwheat. **: Correlation is
significant at the 0.01 level (2-tailed).

FtJAZ2 in hypocotyls
FtMYB3 in hypocotyls
Anthocyanin in hypocotyls
FtJAZ2 in cotyledons
FtMYB3 in cotyledons
Anthocyanin in cotyledons

FtJAZ2 in
hypocotyls

FtMYB3 in
hypocotyls

Anthocyanin in FtJAZ2 in
hypocotyls
cotyledons

FtMYB3 in
cotyledons

Anthocyanin in
cotyledons

1.000
–0.470
0.965
0.559
–0.655
0.897

–0.470
1.000
–0.580
–0.963
0.880
–0.696

0.965**
–0.580
1.000
0.674
–0.748
0.942

–0.655
0.880
–0.748
–0.925
1.000
–0.869

0.897
–0.696
0.942
0.748
–0.869
1.000

with FtMYBs despite the high level of homology between
FtJAZ3 with FtJAZ2. Furthermore, a previous structural
analysis indicated that FtMYB3 is clustered in subgroup IV
of Arabidopsis with the typical repression motif (pdLNLD/
LxiG/S) in the C-terminus (Kazan, 2006). Furthermore,
E
transgenic tobacco of FtMYB3 showed color fading
compared to the control and a similar phenomenon was
observed in VvMYB4-like transgenic tobacco (Pérez-Díaz
et al., 2016). Therefore, an interaction between FtJAZ2 and
FtMYB3 was implicated to have an effect on anthocyanin
biosynthesis.
In this study, anthocyanin accumulation showed a
remarkable increase after tartary buckwheat was treated
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0.559
–0.963
0.674
1.000
–0.925
0.748

with cold stress. Furthermore, FtANS, FtDFR, and FtJAZ2
exhibited an increasing expression level, while the FtMYB3
expression was decreased during the course of cold
treatment. The statistical analysis indicated that FtJAZ2
expression had a positive correlation with anthocyanin
content, but FtMYB3 showed a negative correlation with it.
Hence, we speculate that the interaction between FtMYB3
and FtJAZ2 would lead to the depression of FtANS and
FtDFR expression through removing FtMYB3 or its
compound from the MYB binding sites in their promoters.
As a result, more anthocyanin was biosynthesized. A
similar phenomenon was also reported in Arabidopsis
thaliana (Qi et al., 2011). Careful and persuasive study in
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the future should help to clarify the molecular mechanism
for the flavonoid metabolism mediated by the JA signaling
pathway in tartary buckwheat.
In conclusion, we identified a new JAZ-interacting
R2R3-MYB transcription factor in tartary buckwheat.
Further analysis implied that the anthocyanin
accumulation could be promoted while the FtDFR and

FtANS expressions are activated by the interaction between
FtMYB3 and FtJAZ2 during cold stress.
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Supplementary Figure S1. Toxicity test of FtJAZs and FtMYBs for yeast cell:
(A–D) Transformation results of plasmid pGBKT7, pGBKT7-FtJAZ1, pGBKT7-FtJAZ2, and pGBKT7-FtJAZ3 into
Y2HGold; (E–I) Transformation results of plasmid pGADT, pGADT7-FtMYB1, pGADT7-FtMYB2, and pGADT7FtMYB3.

Supplementary Figure S2. Self-activation detection of FtJAZs and FtMYBs for reported genes in yeast: (A–D) The
growth and color development of Y2HGold [pGBKT7], Y2HGold [pGBKT7-FtJAZ1], Y2HGold [pGBKT7-FtJAZ2], and
Y2HGold [pGBKT7-FtJAZ3] on SD/-Trp/X-α-gal petri dishes; (E–I) The growth and color change of Y187 [pGADT7],
Y187 [pGADT7-FtMYB1], Y187 [pGADT7-FtMYB2], and Y187 [pGADT7-FtMYB3] on SD/-Leu/X-α-gal petri dishes.
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